Objectives: To evaluate the discrepancies between clinical and autopsy diagnoses in patients who died in the pediatric intensive care units (PICUs) of a tertiary care university hospital.
The autopsy is considered the gold-standard method for evaluating accuracy of clinical diagnoses and plays an important role in quality control of medical care and education. 1 Despite advances in diagnostic techniques and therapeutic interventions, autopsy studies of critically ill adults and children have shown that even in the modern medical era, clinicopathologic discrepancies still exist. [2] [3] [4] [5] By accurately determining the cause of death, revealing new or unexpected findings and possible diagnostic or technical errors, postmortem examinations can significantly
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contribute to improvement of team performance and quality of care. To our knowledge, no published studies have compared clinical and autopsy findings in critically ill children who died in the past decade. We aimed to evaluate the accuracy of clinical diagnoses compared with autopsy findings in critically ill children who died over the past 5 years in the pediatric intensive care units (PICUs) of a tertiary care university hospital in Brazil.
Materials and Methods
This is a prospective study of all consecutive autopsies performed on patients who died in two medical-surgical PICUs (total beds ¼ 18) in a tertiary care university hospital in Brazil between January 1, 2011, and December 31, 2015. The study was approved by the institutional research ethics board of the Hospital das Cl ınicas of Ribeirão Preto Medical School, University of São Paulo (2451/2011). Permission to perform an autopsy was requested from the families of all patients who died in the PICU by attending physicians or residents. Patients who became organ donors and forensic cases were excluded from the study. Six to 20 hours after death, thorough autopsies were performed by a pathology resident under supervision of a senior pathologist (F.S.R.) from the Department of Pathology of our institution. All organs were inspected ex situ, when tissue samples were collected for histopathologic examinations. Additional histochemistry, immunohistochemistry, and molecular techniques were employed when required. All clinical, laboratory, and imaging data were available to the pathologists at the time of autopsy.
Demographic and clinical data were collected every month from the patients' health records, including age, sex, length of PICU stay, clinical diagnoses, laboratory results, imaging data, and clinical cause of death. Macroscopic and microscopic autopsy findings and the clinical diagnosis of the causes of death were discussed at the monthly mortality conferences traditionally held at our institution at which data are reviewed and the previous month's PICU deaths are discussed.
Discrepancies between premortem and autopsy diagnoses were classified according to modified Goldman et al 6 criteria. 3 Class I errors comprised major misdiagnoses that, if known before death, probably would have changed treatment, which could have resulted in improved survival or cure. Class II diagnostic errors were defined as major unexpected findings for which detection before death probably would not have led to a change in treatment or the patient's survival because the patient was already receiving appropriate therapy for the missed condition, no effective treatment was available at that time, or there was not enough time to introduce effective treatment to change outcome. Class III included diseases that were related to the terminal process but not directly related to death, for which detection before death would not have changed treatment or outcome. Class IV included important diagnoses unrelated to the cause of death that eventually could have affected outcome if identified and treated. Class V was defined as absence of unexpected findings.
Statistical Analysis
Analysis was made using GraphPad Prism 5.0 (GraphPad Software, San Diego, CA). Data were expressed as median (range) or number (%). Continuous variables were compared by the Mann-Whitney U test and categorical variables by the Fisher exact test. A P value less than .05 was considered statistically significant.
Results
From January 1, 2011, to December 31, 2015, a total of 2,679 children were admitted to the two PICUs of our university hospital, and 257 (9.6%) died. One hundred fifty (58.4%) patients underwent autopsy; 123 were included in the study. Forensic cases (deaths related to trauma, n ¼ 17; submersion injury, n ¼ 5; and foreign body aspiration, n ¼ 1) and organ donors (n ¼ 4) were excluded. The flow diagram of the study is shown in Figure 1 .
Of the 123 patients included in the study, 68 (55.3%) were male and 55 (44.7%) were female. Patients' median age was 2.7 months (range, 0.07-184 months); 36 (29.3%) were neonates, 88 (71.5%) were younger than 1 year. Median length of PICU stay before death was 6 days (range, 0.02-330 days). Sixty-six (53.7%) were medical patients Figure 1 Flowchart of the study.
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and 57 (46.3%) were surgical patients; 46 (37.4%) had undergone cardiac surgery for congenital heart disease. Eighteen patients (14.6%) were previously healthy. The clinical cause of death is shown in Table 1 .
Autopsy was not performed on 107 patients (41.6%); 51 (48.0%) were male and 56 (52.0%) were female. Patients' median age was 19 months (range, 0.06-216 months); seven (6.5%) were neonates and 44 (41.0%) were younger than 1 year. Their median length of PICU stay prior to death was 8 days (range, 0.05-170 days). Eighty-seven (81.3%) were medical patients and 20 (18.7%) were surgical patients. The most common clinical diagnoses of the primary underlying diseases at PICU admission were hematologic/oncologic disease (n ¼ 28; 26.2%), postoperative cardiac surgery (n ¼ 16; 15%), nonoperated congenital heart disease (n ¼ 10; 9.3%), gastrointestinal/liver disease (n ¼ 10; 9.3%), neurologic disorder (n ¼ 9; 8.4%), congenital or acquired immunodeficiency (n ¼ 6; 5.6%), and postoperative noncardiac surgery (n ¼ 4; 3.7%). Ten patients (9.3%) were previously healthy. Comparison of characteristics of patients who underwent autopsy vs those who did not have autopsy performed is shown in Table 2 .
According to modified classification by Goldman et al, 3, 6 complete concordance between clinical diagnoses and postmortem findings (class V) was observed in 86 patients (69.9%). Twenty (16.3%) patients had a class I discrepancy; 17 (85.0%) were surgical patients, and 15 (75.0%) had undergone cardiac surgery. Class I discrepancies were related to technical failure in seven patients (patients 1, 2, 4, 8, 10, 11, and 12), hemorrhagic complication in four (patients 3, 5, 9, and 13), improper surgical procedure in three (patients 7, 14, and 20), diagnostic error in three (patients 16, 17, and 19), infection in two (patients 15 and 18), and air leak syndrome in one patient (patient 6) Table 3 . Eight (6.5%) patients had a class II discrepancy; seven (87.5%) were medical patients. Class II discrepancies were related to infection in three patients (patients 21, 22, and 25), malignant neoplasm in two (patients 23 and 27), and congenital anomaly, hemorrhage, and autoimmune disease in one patient each (patients 24, 26, and 28, respectively) Table 4 . Six (4.9%) patients had a class III discrepancy; three were surgical patients and three were medical patients. Class III discrepancies were necrotizing enterocolitis in two patients, pneumonia in two patients, chronic pyelonephritis in one patient, and pulmonary abscess in one patient. Three (2.4%) patients had a class IV discrepancy; all were medical patients. Class IV discrepancies were glycogen storage disease, relapsed hypothalamic hamartoma, and disseminated cytomegalovirus infection in one patient each 
Discussion
In this study, we found a major clinicopathologic discrepancy rate of 22.8%. Unexpected autopsy findings could have altered outcomes if known before death in 16.3% of our patients. Accordingly, recent studies of adults who died in the intensive care unit showed that discrepant clinicopathologic findings still exist in the modern era. Reported major discrepancy rates (classes I and II) ranged from 7.8% to 23.5%. 2, 3, 7 A systematic review of studies that reported diagnostic errors confirmed by autopsy in the PICU, which included children who died in the 1990s and early 2000s, showed that major errors occurred in 20.2% of patients. 8 In children who died in the PICU from 2000 to 2005, the rate of major discrepancies between clinical and postmortem diagnoses was 8.6% to 26.4%. 4, 5 Hence, our study corroborates previous data showing that autopsy continues to provide important and new information to clinicians who take care of complex critically ill patients. The most common class I and class II errors reported in critically ill children and neonates were related to missed infection and vascular events. 8, 9 In contrast, almost half of our study population were surgical patients, and most class I errors revealed by autopsy were related to the surgical procedure. Interestingly, in postoperative cardiac surgery patients, autopsy revealed major unexpected findings in one-third (15/46). In 11 of 15 patients, class I discrepancies were related to the surgical procedure, including technical failure (n ¼ 7), hemorrhagic complication (n ¼ 1), and improper surgical procedure (n ¼ 3), and in three patients, autopsy revealed diagnostic errors. Infection was the major of children with congenital heart disease, autopsy revealed unsuspected cardiac abnormalities or surgical complications that could have altered management or outcome if known before death, and in 52% of patients who underwent surgery, death was related to surgical complications. 13 Moreover, the most prevalent cause of death in adolescents and adults with congenital heart disease was related to surgery in 33.3% of patients and to diagnostic errors in 3%. 14 A more recent pediatric study that investigated causes of death after surgery for congenital heart disease showed that 23% of deaths were related to residual anatomic defects, 8% to procedural complications, and 3% to diagnostic errors. In 16% of patients, a successful outcome could have been achieved by a different surgery strategy. 15 Therefore, our data corroborate previous results showing that technical issues and procedural complications are frequently related to death in patients who have cardiac surgery. Also, in accordance with previous studies, 14, 15 we found that diagnostic errors continue to occur, despite advancement in imaging techniques. We observed that over the study period, the rate of major errors decreased to less than half, which shows the importance of autopsy as an educational tool that may contribute to improvement of team performance.
The main limitation of this study is the potential for selection bias, since only 58.4% of patients who died over the study period underwent autopsy. Moreover, patients who did not have autopsy performed were mainly medical patients, and their underlying primary disease at PICU admission was predominantly hematologic/oncologic disease, while almost half of the patients who underwent autopsy were surgical patients, and more than one-third were postoperative cardiac surgery patients. These may have influenced our results. Nevertheless, the main reason for not performing an autopsy in our deceased patients was refusal from the family.
Conclusions
Major discrepancies between clinical diagnoses and postmortem findings still occur, despite progress in imaging techniques and treatment modalities. However, discussion of clinical and autopsy findings at monthly mortality conferences might lead to a greater understanding of the cause of death and contribute to prevent further errors, which may improve team performance and minimize unfavorable patient outcomes. 10, 12 Our results emphasize the importance of autopsy to clarify the cause of death and its potential contribution to patient safety and quality of care. 
